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1 . Statement 



Novelty (N) Claims 1-22 YES* 

Claims NO 



Inventive step (IS) Claims 1-22 YES 

Claims NO 

Industrial applicability (IA) * Claims 1-22 YES 

Claims NO 



2. Citations and explanations 

Documents cited in the International Search Report: 

(A) US 5036165 

(B) US 4853565 

(C) US 4208597 

(D) US 5365132 

(E) US 4745314 

(F) EP 0684682 

(G) US 3801843 

The invention relates to a high-voltage rotating electric 
machine. The winding of the machine is provided with an 
insulation system comprising two semiconducting layers with 
solid insulation in-between and a clamping device pressing a 
packet of sheets together. The invention also relates to a 
rotating electxic machine with a high-voltage cable and a 
cooling tube connected to a clamping means. 

(A) describes a cable provided with two semiconducting layers 
with insulation there between. The semiconducting layers 
include pyrolized organic material and glass fibre. In this 
document it is suggested that the invented semiconducting 
layer can be applied to insulated conductors such as a winding 
in a dynamo-electric machine. 

(B) is a document related by reference to document (A) and 
illustrate a semiconducting layer in intimate contact on an 
outer or inner surface of an insulation on a conventional 
winding in an electric machine. This document also describes 
the cable as in document (A) . 

(C) describes cooling arrangements for rotating electric 
machines. 
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(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: Box V. 

The claimed invention differs from the cited art in that the 
winding of the machine is provided with an insulation system 
comprising two semiconducting layers with solid insulation- 
between. The claimed invention (claims 4-9) also differs from 
the cited art in that a cooling tube is connected to a 
clamping means. 

Even though it is suggested in document (A) to apply a 
semiconducting layer to a winding in a dynamo-electric machine 
there is no specific indication of using the disclosed cable 
in a dynamo-electric machine. Further investigating US 
4853565, incorporated by reference in document (A) , the 
skilled person will find it evident that the invented 
semiconducting layer is intended to be used on a conventional 
winding in a machine or in a cable, -there is no proposal to 
use the cable with the insulating system as a winding in an 
electric machine. Nor can it be considered obvious to a person 
skilled in the art to use such a cable in a dynamo-electric 
machine since at the time of the invention it was not known to 
use a cable with solid insulation as a winding in an 
electrical machine and there is no teaching in prior art as a 
whole that would lead the skilled person to the claimed 
invention \ 



Accordingly, the invention claimed is novel and involves an 
inventive step. The invention is industrially applicable. 
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AMENDED CLAIMS 29-0.9-1998 

1 . A high-voltage rotating electric machine, comprising a magnetic core 
built by laminated steel and a winding placed in slots in the core of laminated 

5 steel, characterized in that the winding comprises an insulation 
system including at least two semiconducting layers, each layer constituting 
essentially an equipotential surface and also including solid isolation disposed 
therebetween and that a clamping device is extending axially from the lami- 
nated steel and arranged for holding a packet of sheets together and whereby 
10 at least one end of the core of the laminated steel is connected to at least one 
clamping device for axially pressing a packet of sheets together at a predeter- 
mined amount of tension. 

2. A machine as claimed in claim ^characterized in t h a t the ^ 
15 clamping device is extending axially through the magnetic core. 

3. A machine as claimed in any of claim 1-2, characterized in 
that the axially extending clamping device is arranged with an inner space for 
circulating coolant. 

20 

4. A rotating electric machine, comprising a stator (1) wound with high- 
voltage cable and provided with stator teeth (4) extending radially inwards from 
an outer yoke portion (23), characterized in that at least one stator 
tooth (4) in a tooth sector (18) is provided with at least one axially-running 

25 cooling duct (24) connected to 3 cooling circuit (25) in which coolant is ar- 
ranged to circulate and in that the axially-running cooling tube (24) is con- 
nected at least at one end of the stator (1 ) to a clamping means (27, 28) for 
axial compression of the stator (1 ). 

30 5. A machine as claimed in claim 4, characterized in that the 
clamping means (27, 28) comprises at least one screw joint arranged, with the 
cooling tube (24), to axially clamp the laminations together. 



6. A machine as claimed in either of claims 4 or 5, characterized 
35 in t h a t at one side of the stator (1) the cooling tube (24) is provided with a 
firmly secured shoulder (32) and at the other side of the stator it is provided 
with a clamping means (27, 28) to axially clamp the stator laminations together. 



2 

7. A machine as claimed in claim 6, characterized in that the 
clamping means (27, 28) also acts against a pressure finger (19) for axial 
clamping of the stator laminations. 

5 8, A machine as claimed in claim 7, c h a r a ct e r iz e d in that the 
clamping means (27, 28) is electrically insulated from the stator core (3). 

9. A machine as claimed in claim 8, characterized in that the 
cooling tubes (24) are glued to the stator core (3). 

10 

10. A rotating electric machine comprising a wound stator (1) consisting of 
stator laminations and provided with stator teeth (104) extending radialfy in- 
wards from an outer yoke portion (123), characterized in that the 
windings comprise a first semiconducting layer (13) around which layer an insu- 

15 lating layer (14) is arranged and a second semiconducting layer (15) arranged 
around the insulating layer (14), and that an axially running clamping device 
electrically insulated from the stator laminations is connected at least at one 
end of the stator (1) to at least one clamping device (126) for axial compression 
to predetermined pre-stressing of the stator (1). 

20 

11. A machine as claimed in claim 10, characterized in that the 
stator winding consists of high-voltage cable (11). 

12. A machine as claimed in either of claims 10or11,character- 

25 i z e d in t h a t the clamping device (126) runs axially through the magnetic 
material of the stator (1). 

13. A machine as claimed in either of claims 10or11,character- 

i z e d in that the clamping device (126) runs between the high-voltage 
30 cables (11) in the space (107) formed between two adjacent stator teeth (104). 

14. A machine as claimed in any of claims 10-13, c h a ra ct e r iz e d in 
that the entire clamping device (126) is made of an insulating material, pref- 
erably glass fibre. 

35 

15. A machine as claimed in any of claims 10-13, characterized in 
that the clamping device (126) is arranged as a metallic pipe electrically in- 
sulated from the laminations of the stator (1). 
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1 6. A machine as claimed in either of claims 14 or 15, character- 
ized in that the clamping device (126) is arranged to pre-stress the sta- 
tor (1) with at least one spring device (129). 

5 

17. A machine as claimed in either of claims 14 or 15, c h a r a c t e r - 
i z e d in that the clamping device (126) is arranged to pre-stress the 
laminated stack against the action of a rubber spring. 

10 18. A machine as claimed in any of claims 10-17, characterized in 
that several clamping devices (126) are arranged in at least one stator tooth 
(104) so that each cooling tube (124) is flanked by an axially extending clamp- 
ing device (126). 

15 19. A machine as claimed in any of claims 1 0-1 8, c h a r a c t e r i z e d in 
that an additional clamping device (126) also runs through the yoke portion 
(123). 

20. A machine as claimed in any of claims 10-19, characterized in 
20 t h at clamping devices (126) and cooling tubes (124) are arranged radially 

aligned. 

21 . A machine as claimed in any of claims 1-3, characterized in 
that at least.one of the layers has substantially the same coefficient of ther- 

25 mal expansion as the solid insulation. 

22. A machine as claimed in any of the preceding claims, character- 
ized in that said winding is formed of a cable comprising one or more 
current-carrying conductors, each conductor having a number of strands, an 

30 inner semiconducting layer provided around each conductor, an insulating layer 
of solid insulating material provided around said inner semiconducting layer, 
and an outer semiconducting layer provided around said insulating layer. 
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provided with stator teeth (4) extending radially 
inwards from an outer yoke portion (23), wherein 
at least one stator tooth (4) in a tooth sector (18) is 
provided with at least one axially-running cooling 
duct (24) connected to a cooling circuit (25) in 
which coolant is arranged to circulate and in that 
the axially-running cooling tube (24) is connected 
at least at one end of the stator (1) to a clamping 
means (27, 28) for axial compression of the stator 
(IX 




0 # 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


1L 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 97/45916 



1 



PCT/SE97/00895 



AXIAL COOLING TUBES PROVIDED WITH CLAMPING MEANS 
TECHNICAL FIELD: 

The present invention relates to rotating electric machines such as 
5 synchronous machines. Such machines can be used as generators for 
connection to the distribution or transmission power network, hereafter 
called power network. The invention also comprises double-fed machines, 
applications in asynchronous static current converter cascades, outer pole 
machines and synchronous flux machines, as well as alternating current 
10 madhines. The invention relates particularly to a clamping means and 
with the clamping means combined cooling system of such machines. 

BACKGROUND ART: 

High-voltage rotating electric machines can be 

15 designed for voltages up to 36 kV. This has normally been considered to 
be an upper limit. In the case of generators, this means that a generator 
must be connected to the power network via a transformer which steps up 
the voltage to the level of the power network. Hie voltage of a power 
network can be in the range of 130-400 kV, but even power networks up 

20 to 800 kV exist. 

In order to explain and describe the invention a short explanation of a 
rotating electric machine exemplified by a synchronous machine will be 
given. The explanation concern basically the magnetic circuit in such a 
25 machine and how it is classically built Since the magnetic circuit as 

referred to in most cases is in the stator the magnetic circuit here referred 
to is called a stator comprising laminated sheets which winding is called 
stator winding and that the slots for the winding in the laminated sheets is 
called stator slots or simply slots. 

30 

Most synchronous machines have a field winding in the rotor, where the 
main flux is generated by direct current, and an alternating current 
winding in the stator. 

35 The stator frame in large sized synchronous machines is often a welded 
construction. The laminated core is usually built from varnished 0,35 or 
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0,5 mm electrical steeL The sheets are manufactured in segmented form or 
ring form depending on the size of the machine. The sheets are in larger 
machines punched in segments which are attached to the stator frame 
with wedges/ dovetails. The laminated core is kept together with pressure 
5 fingers and pressure rings. 

For cooling the windings of the synchronous machine there exist three 
different types of cooling systems. In air-cooling, the winding of the stator 
as well as the winding of the rotor is cooled by air flowing through the 

10 windings. Air-cooling ducts are arranged in the laminated sheets of the 
stator as well as in the rotor. In radial ventilation and cooling by air the 
laminated core is, at least for medium sized and large sized machines 
divided in packets comprising radial and axial ventilation ducts disposed 
in the core. The cooling air can be ambient air but at powers above 1 MW 

15 mainly a closed cooling system with a heat exchanger is used. Hydrogen 
cooling is normally used in large turbo-generators and in large 
synchronous compensators. The cooling method works in the same way as 
in air-cooling with a heat exchanger, but instead of air as cooling medium 
hydrogen is used. Hydrogen has better cooling capabilities than air, but 

20 difficulties arise at sealings and to detect leakage. In turbo-generators of 
power range 500 - 1000 MW it is also known to use water cooling of the 
winding of the stator as well as of the winding of the rotor. The cooling 
ducts are made as tubes placed inside conductors in the winding of the 
stator. A problem in large machines is that the cooling tends to become 

25 non-uniform and that temperature variations arise in the machine. 

The stator winding is located in slots in the sheet iron core, the slots 
normally having a rectangular or trapezoidal cross section. Each winding 
phase comprises a number of coil groups connected in series and each coil 
30 group comprises a number of coils connected in series. The different parts 
of the coil are designated coil side for the part which is placed in the stator 
and end winding for that part which is located outside the stator. A coil 
comprises one or more conductors brought together in height and/ or 
width. 
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Between each conductor there is a thin insulation, for example epoxy/ glass 
fibre. 



The coil is insulated from the slot with a coil insulation, that is, an 

5 insulation intended to withstand the rated voltage of the machine to earth. 
As insulating material, various plastic, varnish and glass fibre materials 
may be used. Usually, so-called mica tape is used, which is a mixture of 
mica and hard plastic, especially produced to provide resistance to partial 
discharges, which can rapidly break down the insulation. The insulation is 

10 applied to the coil by winding the mica tape around the coil in several 
layers. The insulation is impregnated, and then the coil side is painted 
with a graphite-based paint to improve the contact with the surrounding 
stator which is connected to earth potential The cross-sectional area of the 
windings is determined by actual current density and by the method of 

15 cooling* Conductor and coil is usually arranged with a rectangular shape 
in order to maximize the amount of conductor material in the track. A 
typical coil is formed by so called Roebel-bars, where some of the 
conductors can be made hollow for cooling medium. A Roebel-bar 
contains several rectangular, copper conductors connected in parallel, 

20 which are transposed 360 degrees along the slot. Known are also annular 
bars with 540 degrees transpositions. The transpositions are performed in 
order to avoid the development of circulating currents in the cross-section 
of the conductor material as seen from the magnetic field. 

25 Due to mechanical and electrical reasons there are certain upper limits 

which a machine cannot exceed. The power of the machine is determined 

mainly by three factors: 

The cross-sectional area of the windings. At normal working 

temperature copper has a maximum value of 3-3,5 A/mm 2 . 
30 - Maximum magnetic flux density in the material of the stator 

and the rotor. 

Maximum electric-field strength in the insulating material, the 
so-called dielectric strength. 

35 It is considered that coils for rotating generators can be manufactured 
with good results within a voltage range of 3 - 25 kV. 
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Attempts to develop the generator for higher voltages however, have been 
in progress for a long time. This is obvious, for instance from "Electrical 
World", October 15, 1932, pages 524-525. This describes how a generator 
designed by Parson 1929 was arranged for 33 kV. It also describes a 

5 generator in Langerbrugge, Belgium, which produced a voltage of 36 kV. 
Although the article also speculates on the possibility of increasing 
voltage levels still further, the development was curtailed by the concepts 
upon which these generators were based. This was primarily because of 
the shortcomings of the insulation system where varnish-impregnated 

10 layers of mica oil and paper were used in several separate layers. 

In a report from the Electric Power Research Institute, EPRI, EL-3391 from 
April 1984, an account is given of generator concepts for achieving higher 
voltage in an electric generator with the object of being able to connect 

15 such a generator to a power network without intermediate transformers. 
Such a solution is assessed in the report to offer good gains in efficiency 
and considerable financial advantages. The main reason that it was 
deemed possible in 1984 to start developing generators for direct 
connection to power networks was that a superconducting rotor had been 

20 developed at that time. The considerable excitation capacity of the 

superconducting field winding enables the use of airgap-winding with 
sufficient thickness to withstand the electrical stresses. 

By combining the concept deemed most promising according to the 
project, that of designing a magnetic circuit with winding, known as 

25 "monolithe cylinder armature", a concept in which two cylinders of 
conductors are enclosed in three cylinders of insulation and the whole 
structure is attached to an iron core without teeth, it was assessed that a 
rotating electric machine for high voltage could be directly connected to a 
power network. The solution entailed the main insulation having to be 

30 made sufficiently thick to withstand network-to-network and network-to- 
earth potentials. Obvious drawbacks with the proposed solution, besides 
its demanding a superconducting rotor, are that it also requires extremely 
thick insulation, which increases the machine size. The end windings 
must be insulated and cooled with oil or freones in order to control the 

35 large electric fields at the ends. The whole machine must be hermetically 
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sealed in order to prevent the liquid dielectric medium from absorbing 
moisture from the atmosphere. 

Certain attempts at a new approach as regards the design of synchronous 
5 machines are described, inter alia, in an article entitled "Water-and-oil- 
cooled Turbogenerator TVM-300" in J. Elektrotechnika, No. 1, 1970, pp. 6- 
8, in US 4,429,244 "Stator of Generator" and in Russian patent document 
CCCP Patent 955369. 

10 The water- and oil-cooled synchronous machine described in J. 

Elektrotechnika is intended for voltages up to 20 kV. The article describes 
a new insulation system consisting of oil /paper insulation, which makes it 
possible to immerse the stator completely in oil. The oil can then be used 
as a coolant while at the same time using it as insulation. To prevent oil in 

15 the stator from leaking out towards the rotor, a dielectric oil-separating 
ring is provided at the internal surface of the core. The stator winding is 
made from conductors with an oval hollow shape provided with oil and 
paper insulation. The coil sides with their insulation are secured to the 
slots made with rectangular cross section by means of wedges. As coolant, 

20 oil is used both in the hollow conductors and in holes in the stator walls. 
Such cooling systems, however, entail a large number of connections of 
both oil and electricity at the coil ends. The thick insulation also entails an 
increased radius of curvature of the conductors, which in turn results in 
an increased size of the winding overhang. 

25 

The above-mentioned US patent relates to the stator part of a synchronous 
machine which comprises a magnetic core of laminated sheet with 
trapezoidal slots for the stator winding. The slots are tapered since the 
need of insulation of the stator winding is less towards the interior of the 

30 rotor where that part of the winding which is located nearest the neutral 
point is disposed. In addition, the stator part comprises a dielectric oil- 
separating cylinder nearest the inner surface of the core which may 
increase the magnetization requirement relative to a machine without this 
ring. The stator winding is made of oil-immersed cables with the same 

35 diameter for each coil layer. The layers are separated from each other by 
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means of spacers in the slots and secured by wedges. What is special 
regarding the winding is that it comprises two so-called half-windings 
connected in series. One of the two half -windings is located, centred, 
inside an insulation sleeve. The conductors of the stator winding are 

5 cooled by surrounding oil. The disadvantages with such a large quantity 
of oil in the system are the risk of leakage and the considerable amount of 
cleaning work which may result from a fault condition. Those parts of the 
insulation sleeve which are located outside the slots have a cylindrical 
part and a conical termination reinforced with current-carrying layers, the 

10 duty of which is to control the electric field strength in the region where 
the cable enters the end winding. 

From CCCP 955369 it is clear, in another attempt to raise the rated voltage 
of the synchronous machine, that the oil-cooled stator winding comprises 

15 a conventional high- voltage cable with the same dimension for all the 
layers. The cable is placed in stator slots formed as circular, radially 
disposed openings corresponding to the cross-section area of the cable and 
the necessary space for fixing and for coolant. The different radially 
disposed layers of the winding are surrounded by and fixed in insulated 

20 tubes. Insulating spacers fix the tubes in the stator slot. Because of the oil 
cooling, an internal dielectric ring is also needed here for sealing the 
coolant against the internal air gap. The design shown has no tapering of 
the insulation or of the stator slots. The design exhibits a very narrow 
radial waist between the different stator slots, which means a large slot 

25 leakage flux which significantly influences the magnetization requirement 
of the machine. 

In US 4,208,597 an improved cooling is provided for the end region of a 
stator core of a large dynamoelectric machine showing an improved 

30 ventilation plate which can be used in direct contact with the finger plate 
at the end of the stator core to provide cooling and mechanical stability in 
the core end region. US 4,745,314 shows a liquid-cooled motor which has 
cooled liquid ducts formed in the laminated core of the stator. This 
improves the leakproof performance of the coolant ducts of such a liquid- 

35 cooled motor. US 5,365,132 shows an improved cooling arrangement for a 
dynamoelectric machine of the type having a plurality of stacked 
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laminations forming a stator core. The arrangement is further showing a 
plurality of cooling air ducts formed in the lamination adjacent a radially 
outer termination of at least some of the winding slots. EP 0684682 shows 
a rotating electrical machine with openings in its stator teeth occupying a 
5 substantial part of the surface area of each tooth so that the stator 

windings have only a short thermal path to axial cooling ducts created by 
the openings. 

OBJECT OF THE INVENTION: 
10 The object of the present invention is to mechanically connect layers of the 
sheets of the stator so that the packets of layers defining the stator core 
will not be exposed to vibrations under working conditions. The 
connection will also be made so that the mechanical properties of the core 
is intact* 

15 

An other object of the invention is to combine the connection of the sheets 
into packet of layers with cooling of the core* 

A condition for the invention is that the rotating electric machine should 
20 shows a complete new design. This new design involves construction of 
the rotating electric machine in a way so that its alternating current 
winding comprises at least one conductor, around which a solid isolation 
comprising a semiconducting layer near the conductor and an outer 
semiconducting layer around the insulator* 

25 

A rotating electric machine as presented shows many advantages and can 
be designed for direct connection to a power network without a 
transformer therebetween. 

30 The connection of the laminated sheets is done by axial clamping means 
which are electrically insulated from the layers of laminated sheets. The 
insulation can be made by coating the clamping means with an outer 
insulating layer or by manufacturing the clamping means of insulation 
material* The clamping means are pulled through axial holes in the stator 

35 teeth and also through holes in the connecting part of the stator, the so- 
called stator yoke if necessary. 
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SUMMARY OF THE INVENTION: 

The present invention relates to an arrangement for cooling and a 
clamping means combined with the cooling arrangement, which enable 
5 compression of the laminations in the stator stack with the aid of cooling 
tubes arranged axially in the stator. 

The arrangement comprises axially-running tubes, electrically insulated, 
which are drawn through axial apertures through the stator teeth. The 
10 tubes are permanently glued in the apertures to ensure good cooling 

capacity when coolant is circulated in the tubes. The tubes rim along the 
entire axial length of the stator teeth and are spliced in the stator ends. 

According to a particularly preferred embodiment of the invention/ at 
15 least one of the semiconducting layers, preferably both, have the same 
coefficient of thermal expansion as the solid insulation. The decisive 
benefit is thus achieved that defects, cracks or the like are avoided at 
thermal movement in the winding. 

20 BRIEF DESCRIPTION OF THE DRAWINGS: 

The invention will be described in more detail with reference to the 
accompanying drawings. 



Figure 1 shows schematically a perspective view of a section taken 
25 diametrically through the stator of a rotating electrical 

machine. 

Figure 2 shows a cross-sectional view of a high-voltage cable according 

to the present invention, 
Figure 3 shows schematically one sector of a rotating electric machine, 
30 Figure 4 shows a sector of a stator according to Figure 3, 

Figure 5 shows section along the line A-A in Figure 4 with a clamping 
means having axial cooling tubes in accordance with the 
present invention. 
Figure 6 shows one sector of the stator in a rotating electric machine 
35 with cooling tubes and bolts drawn in. 
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Figure 7 shows a radial section B-B through Figure 6 with a clamping 
device with bolts according to the present invention 

Figure 8 shows another radial section with axially running cooling-tube 
loops and a clamping device according to the invention. 

5 

DESCRIPTION OF THE INVENTION: 

Figure 1 shows a part of an electric machine in which the rotor has been 
removed to show more clearly the arrangement of a stator 1. The main 
parts of the stator 1 constitute a stator frame 2, a stator core 3 comprising 

10 stator teeth 4 and a stator yoke 5. The stator also comprises a stator 

winding 6 composed of high-voltage cable situated in a space 7 shaped 
like a bicycle chain, see Figure 3, formed between each individual stator 
tooth 4. In Figure 3 the stator winding 6 is only indicated by its electric 
conductors. As can be seen in Figure 1, the stator winding 6 forms an end- 

15 winding package 8 on both sides of the stator 1. It is also clear from Figure 
3 that the high-voltage cable has several dimensions, arranged in groups 
depending on the radial position of the cables in the stator 1, 

In large machines each stack of laminations is formed by fitting punched 
20 segments 9 of suitable size together to form a first layer, after which each 
subsequent layer is placed at right angles to produce a complete plate- 
shaped part of a stator core 3. The parts are held together by pressure legs 
10 pressing against pressure rings, fingers or segments. 

25 Figure 2 shows a cross-sectional view of a high-voltage cable 11 according 
to the invention* The high-voltage cable 11 comprises a number of strands 
12 of copper (Cu), for instance, having circular cross section. These strands 
12 are arranged in the middle of the high-voltage cable 11. Around the 
strands 12 is a first semiconducting layer 13, and around the first 

30 semiconducting layer 13 is an insulating layer 14, e.g. crosslinked 
polyethylene (XLPE) insulation. Around the insulating layer 14 is a 
second semiconducting layer 15. Thus the concept "high-voltage cable'' in 
the present application does not include the outer protective sheath that 
normally surrounds such cables for power distribution. 
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Figure 3 shows schematically a radial sector of a machine with a segment 
9 of the stator 1 and with a rotor pole 16 on the rotor 17 of the machine* It 
can also be seen that the stator winding 6 is arranged in the space 7 
resembling a bicycle chain, formed between each stator tooth 4. 

5 

Figure 4 shows an outermost tooth sector 18 comprising six stator teeth 4, 
four of which in the figure are provided with a pressure finger 19 
extending from the stator yoke 5 in towards the tip 20 of the stator tooth. 

10 The tooth height is defined as the radial distance from the tip 20 of a tooth 
to the outer end 21 of the space 7 resembling a bicycle chain. The length of 
a stator tooth is thus equivalent to the tooth height. Furthermore, the yoke 
height is defined as the radial distance from the outer end 21 of the space 
7 resembling a bicycle chain, to the outer edge 22 of the stator core. This 

15 latter distance denotes the width of an outer yoke portion 23. 

In a high-voltage rotating electric machine of the type described above at 
least one stator tooth 4 is provided according to the present invention, see 
Figure 4, with at least one axially-running cooling tube 24 connected to a 

20 cooling circuit 25 in which coolant is arranged to circulate. To achieve 
efficient cooling, cooling tubes are preferably arranged in every stator 
tooth. According to the embodiment of the invention shown in Figure 4 
four cooling tubes are arranged to run axially through the actual tooth, 
whereas another two cooling tubes are arranged to run axially through the 

25 outer yoke portion 23 of the sector shown. All cooling tubes in the figure 
shown are also radial aligned. 

Each cooling tube 24 is electrically insulated and provided with an 
insulating layer, not shown, in order to avoid contact with the metal in the 
30 stator tooth 4 or in the outer yoke portion 23. A thermally conducting glue 
may alternatively be used for attachment. 

Figure 5 shows a clamping means according to one embodiment of the 
invention in which the cooling tube 24 extends out through a stator 3 built 
35 up of segments 9. The tube is provided with an insulating layer 26, 

possibly combined with a filling to increase thermal conductivity. The 
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cooling tube 24 is provided at its end with a tapped end portion 27 onto 
which a nut 28 can be screwed* The end portion 27 extends through the 
pressure finger 19. The end part is also provided with an insulating 
washer 29 to insulate it from the stator core 3 and the pressure finger 19. 
5 The end part is also provided with a tube connection 30 to connect the end 
portion with a connection cooling tube 31 connected to the cooling circuit 
25, for instance. 

By tightening the nut 28 against the insulating washer 29 and the pressure 
10 finger 19, an axial compressive force is achieved in the cooling tube 24 
which is drawn towards a counter-support on the other side of the stator, 
or another clamping means of the same type. Alternatively clamping can 
be effected against a shoulder 32 secured to the cooling tube 24. Pressure 
fingers 19 are also provided at this second side. Here, too, pressure fingers 
15 and cooling tubes are of course insulated here, too, from the stator core by 
suitably shaped washers 33, etc. 

Thus by using an axial cooling tube as a pulling tube, further clamping 
means for axially compressing the stator core can be eliminated. 

20 

The invention is not limited to the embodiments shown but is defined by 
the appended claims. Thus types of clamping means other than screw 
joints may be used, such as wedge or spring means, etc. 

25 Figure 6 shows like in figure 4 an outermost tooth sector 118 comprising 
six stator teeth 104, four of which in the figure are provided with a 
pressure finger 119 extending from the stator yoke 105 in towards the tip 
120 of the stator tooth. 

30 The tooth height is defined as the radial distance from the tip 120 of a 

tooth to the outer end 121 of the space 107 resembling a bicycle chain. The 
length of a stator tooth is thus equivalent to the tooth height. Furthermore, 
the yoke height is defined as the radial distance from the outer end 121 of 
the space 107 resembling a bicycle chain, to the outer edge 122 of the stator 

35 core. This latter distance denotes the width of an outer yoke portion 123. 
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In a high-voltage rotating electric machine of the type described above at 
least one stator tooth 104 is provided according to the present invention, 
see Figure 6, with at least one axially-running cooling tube 124 connected 
to a cooling circuit 125 in which coolant is arranged to circulate. To 

5 achieve efficient cooling, cooling tubes are preferably arranged in every 
stator tooth. According to the embodiment of the invention shown in 
Figure 6 four cooling tubes are arranged to run axially through the actual 
tooth, whereas one more cooling tube is arranged to run axially through 
the outer yoke portion 123 of the sector shown. All cooling tubes in the 

10 figure shown are also radially aligned. Each cooling tube 124 is electrically 
insulated and provided with an insulating layer, not shown, in order to 
avoid contact with the metal in the stator tooth 104 or in the outer yoke 
portion 123. A thermally conducting glue may alternatively be used for 
attachment. 

15 

The Figure also shows how a clamping device is placed between the 
cooling tubes as a first possible embodiment, and between the windings as 
a second possible embodiment. Figure 7 shows a clamping device 
according to one embodiment of the invention in which one or more axial 

20 clamping devices are placed between each cooling tube 124 according to 
one embodiment of the invention, see also Figure 6, in the magnetic 
material in the form of either insulated metal bolts or glass fibre bolts 
which are insulating per se. The clamping device 126 is provided at both 
ends with an end portion 127, preferably threaded, onto which a nut 128 

25 can be screwed. The end portion 127 extends through the pressure finger 
119, The end part is also provided with spring means 129, shown in the 
Figure as a plate spring, to take up axial fluctuations in the stator 1 caused 
by temperature. Some form of spring means is required to take up 
longitudinal expansion caused by heat transfer, which the pre-stressing is 

30 unable to deal with. The stator shall be permanently axially pre-stressed. 

By tightening the end part with a nut 128, for instance, towards the spring 
means 129 and the pressure finger 119, an axial compressive force is 
achieved in the clamping device 126 which is drawn towards a counter- 
35 support or a similar tension device on the other side of the stator. Here, 
too, pressure fingers and cooling tubes are of course insulated from the 
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stator core by suitably shaped washers , etc., not shown. In another 
advantageous embodiment, the clamping device 126 is disposed in the 
space 107 (slot) shaped like a bicycle chain, see Figure 7, in the space 
between the stator windings 106, i.e. outside the magnetic material. 

5 

Figure 8 shows a clamping device 126 in a radial section through a stator 
tooth, together with the cooling tubes 124 running axially to and fro. 
Together with the clamping device, a clamping yoke 130 provided with 
axially operating pressure fingers 131 effects an axial force compressing 
10 the stack of laminations. 



The invention is not limited to the embodiments shown but is defined by 
the appended claims. Cooling tubes and clamping devices need not be 
radially aligned, for instance but their placing in tangential direction may 
15 vary instead. 
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CLAIMS 

1. A high- voltage rotating electric machine, comprising a magnetic 
core built of laminated steel and a winding placed in slots in the core of 

5 laminated steel, characterized in that the winding comprises 
an insulation system including at least two semiconducting layers, each 
layer constituting essentially an equipotential surface and also including 
solid isolation disposed therebetween and that a clamping device is 
extending axially from the laminated steel and arranged for holding a 

10 packet of sheets together and whereby at least one end of the core of the 
laminated steel is connected to at least one clamping device for axially 
pressing a packet of sheets together at a predetermined amount of tension. 

2. A machine as claimed in claim 1, characterized in 

15 that the clamping device is extending axially through the magnetic core. 

3. A machine as claimed in any of claim 1-2, characterized 
in that the axially extending clamping device is arranged with an 
inner space for circulating coolant. 

20 

4. A rotating electric machine, comprising a stator (1) wound with 
high-voltage cable and provided with stator teeth (4) extending radially 
inwards from an outer yoke portion (23), characterized in that 
at least one stator tooth (4) in a tooth sector (18) is provided with at least 

25 one axially-running cooling duct (24) connected to a cooling circuit (25) in 
which coolant is arranged to circulate and in that the axially-running 
cooling tube (24) is connected at least at one end of the stator (1) to a 
clamping means (27, 28) for axial compression of the stator (1). 

30 5. A machine as claimed in claim 4, characterized in 

that the clamping means (27, 28) comprises at least one screw joint 
arranged, with the cooling tube (24), to axially clamp the laminations 
together. 

35 6. A machine as claimed in either of claims 4 or 5, 

characterized in that at one side of the stator (1) the cooling 
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tube (24) is provided with a firmly secured shoulder (32) and at the other 
side of the stator it is provided with a clamping means (27, 28) to axially 
clamp the stator laminations together* 

5 7, A machine as claimed in claim 6, characterized in 

that the clamping means (27, 28) also acts against a pressure finger (19) 
for axial clamping of the stator laminations. 

8. A machine as claimed in claim 7, characterized in 

10 that the clamping means (27, 28) is electrically insulated from the stator 
core (3). 

9. A machine as claimed in claim 8, characterized in 
that the cooling tubes (24) are glued to the stator core (3). 

15 

10. A rotating electric machine comprising a wound stator (1) 
consisting of stator laminations and provided with stator teeth (104) 
extending radially inwards from an outer yoke portion (123), 
characterized in that an axially running clamping device 

20 electrically insulated from the stator laminations is connected at least at 
one end of the stator (1) to at least one clamping device (126) for axial 
compression to predetermined pre-stressing of the stator (1). 

11. A machine as claimed in claim 10, characterized in 
25 t h a t the stator winding consists of high-voltage cable (11). 

12. A machine as claimed in either of claims 10 or 11, 
characterized in that the clamping device (126) runs axially 
through the magnetic material of the stator (1). 

30 

13. A machine as claimed in either of claims 10 or 11, 
characterized in that the clamping device (126) ruins between 
the high-voltage cables (11) in the space (107) formed between two 
adjacent stator teeth (104). 



35 



WO 97/45916 PCT/SE97/00895 

16 



14. A machine as claimed in any of claims 10-13, 

characterized in that the entire clamping device (126) is made 
of an insulating material, preferably glass fibre. 

5 15. A machine as claimed in any of claims 10-13, 

characterized in that the clamping device (126) is arranged as 
a metallic pipe electrically insulated from the laminations of the stator (1). 

16. A machine as claimed in either of claims 14 or 15, 

10 characterized in that the clamping device (126) is arranged to 
pre-stress the stator (1) with at least one spring device (129). 

17. A machine as claimed in either of claims 14 or 15, 
characterized in that the clamping device (126) is arranged to 

15 pre-stress the laminated stack against the action of a rubber spring. 

18. A machine as claimed in any of claims 10-17, 
characterized in that several clamping devices (126) are 
arranged in at least one stator tooth (104) so that each cooling tube (124) is 

20 flanked by an axially extending clamping device (126). 

19. A machine as claimed in any of claims 10-18, 
characterized in that an additional clamping device (126) also 
runs through the yoke portion (123). 

25 

20. A machine as claimed in any of claims 10-19, 
characterized in that clamping devices (126) and cooling tubes 
(124) are arranged radially aligned. 

30 21. A machine as claimed in any of claims 1-3, characterized 

in that at least one of the layers has substantially the same coefficient 
of thermal expansion as the solid insulation. 

22. A machine as claimed in any of the preceding claims, 
35 characterized in that said winding is formed of a cable 
comprising one or more current-carrying conductors, each conductor 
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having a number of strands, an inner semiconducting layer provided 
around each conductor, an insulating layer of solid insulating material 
provided around said inner semiconducting layer, and an outer 
semiconducting layer provided around said insulating layer. 
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(57) Abstract 

A rotating electric machine, comprising a 
stator (1) wound with high-voltage cable and 
provided with stator teeth (4) extending radially 
inwards from an outer yoke portion (23), wherein 
at least one stator tooth (4) in a tooth sector (18) is 
provided with at least one axially-running cooling 
duct (24) connected to a cooling circuit (25) in 
which coolant is arranged to circulate and in that 
the axially-running cooling tube (24) is connected 
at least at one end of the stator (1) to a clamping 
means (27, 28) for axial compression of the stator 
(1). 
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(F) EP 0684682 
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The invention relates to a high-voltage rotating electric 
machine* The winding of the machine is provided with an 
insulation system comprising two semiconducting layers with 
solid insulation in-between and a clamping device pressing a 
packet of sheets together. The invention also relates to a 
rotating electric machine with a high-voltage cable and a 
cooling tube connected to a clamping means. 

(A) describes a cable provided with two semiconducting layers 
with insulation there between. The semiconducting layers 
include pyrolized organic material and glass fibre. In this 
document it is suggested that the invented semiconducting 
layer can be applied to insulated conductors such as a winding 
in a dynamo- electric machine. 

(B) is a document related by reference to document (A) and 
illustrate a semiconducting layer in intimate contact on an 
outer or inner surface of an insulation on a conventional 
winding in an electric machine. This document also describes 
the cable as in document (A) . 

(C) - (Q) describes cooling arrangements for rotating electric 
machines . 
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Supplemental Box 1 
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Continuation of: BOX V* 

The claimed invention differs from the cited art in that the 
winding of the machine is provided with an insulation system 
comprising two semiconducting layers with solid insulation- 
between. The claimed invention (claims 4-9) also differs from 
the cited art in that a cooling tube is connected to a 
clamping means. 



Even though it is suggested in document (A) to apply a 
semiconducting layer to a winding in a dynamo-electric machine 
there is no specific indication of using the disclosed cable 
in a dynamo-electric machine* Further investigating US 
4853565, incorporated by reference in document (A) , the 
skilled person will find it evident that the invented 
semiconducting layer is intended to be used on a conventional 
winding in a machine or in a cable* there is no proposal to 
use the cable with the insulating system as a winding in an 
electric machine* Nor can it be considered obvious to a person 
skilled in the art to use such a cable in a dynamo-electric 
machine since at the time of the invention it was not known to 
use a cable with solid insulation as a winding in an 
electrical machine and there is no teaching in prior art as a 
whole that would lead the skilled person to the claimed 
invention* 

Accordingly, the invention claimed is novel and involves an 
inventive step. The invention is industrially applicable* 
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